Aims. To investigate the dependence of the occurrence of active galactic nuclei (hereafter AGNs) on local galaxy density, we study the nuclear properties of ∼ 5000 galaxies in the Coma Supercluster whose density spans two orders of magnitude from the sparse filaments to the cores of rich clusters. Methods. We obtained optical spectra of the nuclei of 283 galaxies using the 1.5m Cassini telescope of Bologna observatory. Among these galaxies, 177 belong to the Coma Supercluster and are added to the 4785 spectra available from SDSS (DR7) to fill-in the incomplete coverage by SDSS of luminous galaxies. We perform a spectral classification of the nuclei of galaxies in this region (with a completeness of 98% at r ≤17.77), classifying the nuclear spectra in six classes: three of them (SEY, sAGN, LIN) refer to active galactic nuclei and the remaining three (HII, RET, PAS) refer to different stages of starburst activity. We perform this classification as recommended by Cid Fernandes and collaborators using the ratio of λ 6584 [NII] to Hα lines and the equivalent width (EW) of Hα (WHAN diagnostic), after correcting the last quantity by 1.3 Å for underlying absorption. Results. We find that 482 (10%) of 5027 galaxies host an active galactic nucleus (AGN): their frequency strongly increases with increasing luminosity of the parent galaxies, such that 32% of galaxies with Log(L i /L ⊙ ) ≥ 10.2 harbor an active galactic nucleus at their interior. In addition to their presence in luminous galaxies, AGNs are also found in red galaxies with < g − i >≃ 1.15 ± 0.15 mag. The majority of SEY and sAGN (strong AGNs) are associated with luminous late-type (or S0a) galaxies, while LIN (weak AGNs) and RET ("retired": nuclei that have experienced a starburst phase in the past and are now ionized by their hot evolved low-mass stars), are mostly found among E/S0as. The number density of AGNs, HII region-like, and retired galaxies is found to anti-correlate with the local density of galaxies, such that their frequency drops by a factor of two near the cluster cores, while the frequency of galaxies containing passive nuclei increases by the same amount towards the center of rich clusters. The dependence of AGN number density on the local galaxy density is greater than the one implied by morphology segregation alone.
Introduction
It appears that 1.5m class telescopes, especially those ones located in zones of marginal climatic conditions, have lost much of their raison d ′ etre, particularly after the advent of the Sloan Digital Sky Survey (SDSS). They however maintain a crucial didactic value for the training of young astronomers and provided that they are employed for suitable projects, can still make some significant niche contribution. One appropriate project in this respect is, in our opinion, the determination of the spectral properties of nuclei of bright galaxies, as part of a general study to perform a complete census of active galactic nuclei (AGNs). A spectral resolution on the order of R=1000 in the red channel (the blue-arm is more penalized by the relative blindness of CCDs) is sufficient to measure in a matter of a few minutes, even in non-photometric conditions, some crucial line ratios in the nuclear regions of galaxies, owing to their high surface brightness. In this spirit, one of us (G.G.) invited yearly his first year master students to participate in some observing runs at the 1.5m Loiano telescope of the Observatory of Bologna (It). Unsurprisingly, many nights were affected by poor weather, although an amazing wealth of nuclear spectra (283) of nearby galaxies was accumulated, suitable for detecting any AGNs harbored in their interior. A large amount of data (177) were gathered for the region of the Coma Supercluster, on which this work is focused. Following a fortunate run of 7/8 photometric nights in spring 2011 and the appearance of Mahajan et al. (2010) , who investigated the active galactic nucleus (AGN) environmental dependence in the Coma Supercluster relying purely on SDSS data, regardless of its well-known incompleteness at the bright end (Blanton et al. 2005a,b,c) , we decided to publish our measurements derived in the past six years, with the hope that they might contribute to improving our understanding of AGNs. There is a clear need to establish the frequency of AGNs of various types, in various environments, locally and in a cosmological perspective, to improve our understanding of galaxy assembly. Nevertheless, even after the advent of SDSS, which has permitted many extensive studies of galaxies, the processes involved remain unclear. Hao et al. (2005) estimated that 4-10% of all galaxies in the SDSS harbor an AGN; Kauffmann et al. (2003) estimated that up to 80% of galaxies more massive than 10 11 M ⊙ host a supermassive black hole, either dormant or active. The role of the environment in triggering or inhibiting nu-clear activity remains disputed. Kauffmann et al. (2004) , analyzing ∼ 122000 SDSS spectra, found a decrease in the fraction of powerful AGNs (with high [OIII] luminosity, i.e. dominated by Seyferts) with increasing galaxy environment density, mainly because the most powerful AGNs are hosted by latetype galaxies, which are the least likely to exist in dense environments. Popesso & Biviano (2006) found that the AGN fraction decreases with the increasing velocity dispersion of galaxies in groups and clusters, being higher in dense, low-dispersion groups, in contrast to the findings of Shen et al. (2007) and Miller et al. (2003) who found that the frequency of low activity AGNs does not correlate with environment. The classification of AGNs based on optical spectra has been traditionally performed using the BPT diagnostic diagram of Baldwin et al. (1981) , which adopts the measurement of at least four spectral lines: Hβ, O [III], Hα, and N[II] . The ratio Hα/N [II] (where Hα must be corrected for any underlying stellar absorption, as stressed by Ho et al. 1997) differentiates AGNs from HII region-like nuclei, while the ratio Hβ/O[III] allows us to separate the strong AGNs from the weaker LINERs. More recently Cid Fernandes et al. (2010 Fernandes et al. ( , 2011 ) introduced a two-line diagnostic diagram, named WHAN, based on the Hα/N[II] ratio combined with the strength of the Hα line (corrected for underlying stellar absorption) to discriminate both strong and weak AGNs, which are both supposed to be ionized by active black holes, from "fake AGNs", dubbed "retired galaxies", whose ionization mechanism is provided by their old stellar population. As argued by several authors (e.g. Trinchieri & di Serego Alighieri 1991 , Binette et al. 1994 , Macchetto et al. 1996 , Stasińska et al. 2008 , Sarzi et al. 2010 , Capetti & Baldi 2011 , hot evolved stars, such as postasymptotic giant branch stars and white dwarfs, can produce a substantial diffuse field of ionizing photons: it has been shown that they can produce emission lines with ratios mimicking those of AGNs and -in particular -of LINERs. An equivalent width (hereafter EW) of Hα of at least 3 Å is ultimately required for a nucleus to be considered ionized by a central black hole (Cid Fernandes et al. 2010 . This quantitative threshold of course might be questioned. Among the galaxies in our sample, we might consider for example the elliptical NGC3862 , which is the second brightest galaxy of A1367 and was classified as an AGN by Véron-Cetty & Véron (2006) . It harbors the radio galaxy 3C-264 (Gavazzi et al. 1981) and an optical jet (Crane et al. 1993) , leaving little doubt that it contains a central monster. Its optical spectrum (taken either at Loiano or from SDSS) displays a strong NII emission line (of EW 4.81 Å) and a weak Hα EW of 1.51 Å. After adding 1.3 Å to the underlying absorption, the galaxy just misses the Hα > 3 Å threshold, thereby fails to be classified as a LIN but not as a RET according to the criteria of Cid Fernandes et al. (2010 Fernandes et al. ( , 2011 1 . The Coma Supercluster, on which this paper is focused, is an ideal laboratory for initiating a complete census of AGNs at z = 0 because problems related to the incompleteness of SDSS are less severe here than elsewhere. Even its largest sized galaxies have diameters < 2 −3 arcmin, making the "shredding" problem much less severe than for other nearby environments (e.g. Virgo). The brightest galaxies have been well-studied and even the faintest galaxies belonging to the Coma Supercluster have sizes in excess of 10 arcsec, allowing their classification by visual inspection on SDSS plates. Moreover, at the distance of 100 Mpc in the Coma Supercluster, the three arcsec fibers adopted by SDSS provide truly "nuclear" spectra. Studying the Coma Supercluster using both the integrated and nuclear properties of galaxies at z = 0 derived from SDSS data, allows us to compare galaxies properties for a variety of environmental conditions, from the center of two rich clusters to the sparse filamentary regions where the local galaxy density is ∼ 100 times lower, without the biases caused by studying galaxies at different distances. It provides a complementary view to the many statistical analyses that have been made using SDSS data (e.g. Kauffmann et al. 2004) . Combined with studies of galaxy evolution at higher redshift it will shed light on the mechanisms and processes that contribute to the evolution of galaxies in the cosmological context. Owing to the two-line WHAN diagnostics, the red-channel spectra taken at Loiano can contribute significantly to the census of AGNs by filling the residual incompleteness of the SDSS spectral database for luminous galaxies caused by shredding and fiber conflict (Blanton et al. 2005a,b,c) . The layout of this paper is as follows. In Sect. 3, we illustrate the observations taken at the Loiano observatory and the data reduction procedures. The nuclear spectra are given and classified in Sect. 4. The census of AGNs of the various types in the Coma Supercluster is carried out in Sect. 5. Our results are compared with Mahajan et al. (2010) and discussed in Sect. 6. The standard cosmology is assumed, with Ho=73 km sec −1 Mpc −1 .
The sample
This paper is based on two samples: i) A miscellaneous set of 283 relatively bright galaxies, not complete by any means, for which we took long-slit, red-channel nuclear spectra of R ∼ 1000, with the Loiano telescope. We refer to this as the "LOI sample" hereafter. ii) A complete set of 5027 galaxies (hereafter the "COMA sample") selected in the region 11.5 h < RA < 13.5
o (see GoldMine, Gavazzi et al. 2003 ) that traditionally describes the Coma Supercluster and was extensively studied by Gavazzi et al. (2010) , combined with an extended region defined by 10 h < RA < 16 h and +24 o < Dec < 28 o (see Fig. 1 ). The second area is suitable for filling an LST interval corresponding to the duration of an observing night in spring and has also been covered with HI observations by ALFALFA (Giovanelli et al. 2005) , whose HI selected targets will shortly be publicly available. Following the method of Gavazzi et al. (2010) , we searched in this area of the sky (11.5 h < RA < 13.5 h ; +18 o < Dec < 32 o combined with 10 h < RA < 16 h ; +24 o < Dec < 28 o ) the SDSS DR7 spectroscopic database (Abazajian et al. 2009 ) for all galaxies with r ≤17.77 in the redshift interval 3900 < cz < 9500 km s −1 . We obtained 4790 targets. For each, we extracted the coordinates, u, g, r, i, z Petrosian magnitudes (AB system), and spectroscopic information, including the principal line intensities and the redshift. The morphological classification of all galaxies was performed by individual visual inspection of SDSS color images. To fill-in the incompleteness of SDSS for luminous galaxies due to shredding and fiber conflict (Blanton et al. 2005a,b,c) , we added 133 CGCG (Zwicky et al. 1961 (Zwicky et al. -1968 galaxies with known redshifts from NED that were not included in the SDSS spectral database (see Fig. 2 ). For these objects, we also measured the u, g, r, i, z Petrosian magnitudes using the SDSS DR7 navigation tool, which provides accurate magnitudes. Additional galaxies that could not be found in the SDSS spectroscopic catalog were searched for using NED. For these targets, we again evaluated the u, g, r, i, z magnitudes using the SDSS navigator tool and among them we selected 76 objects meeting the condition r ≤ 17.77, which matches the selection criterion of the SDSS spectral catalog (Strauss et al. 2002) . We repeated a similar search in the ALFALFA database (Haynes, private communication) for the region 10 h < RA < 16 h and +24 o < Dec < 28 o , and found 28 additional HI-selected systems with r ≤17.77, not included in the SDSS spectral database. In total, our sample consists of 5027 galaxies: 4790 from SDSS and 237 from other sources. The 4785 out of 4790 galaxies selected from SDSS have a spectrum available from the SDSS database (five remaining objects have partly corrupted spectra); another 130 were observed at Loiano, taken from sample i), and the remaining 112 do not yet have available spectra. In total, the "COMA sample" reaches a spectral completeness of 98%.
Observations and data reduction
Optical spectra of the nuclei of 283 galaxies in sample i) were obtained during 14 runs from 2005 to 2011 (see Table 1 ) using the Bologna Faint Object Spectrograph and Camera (BFOSC) attached to the 152cm F/8 Cassini Telescope located in Loiano, belonging to the Observatory of Bologna. These consist of longslit spectra taken through a two-arcsec slit, combined with an intermediate-resolution grism (R ∼ 1000) covering the 6100 -8200 Å portion of the red-channel and containing Hα, [NII] , and [SII] spectral lines. BFOSC is equipped with a EEV LN/1300-EB/1 CCD detector of 1300x1340 pixels, reaching 90% QE near 5500 Å. For the spatial scale of 0.58 arcsec/pixel, the useful field is of 12.6×13 square arcmin. The grism dispersion of 8.8 nm/mm results in spectra with 1.6 Å/pix. Exposures of 3-5 minutes were repeated typically three times (to help remove the cosmic ray hits), up to six times. The slit was generally set in the E-W direction, except when aligned along the galaxy major axis, or along the direction connecting two nearby objects taken simultaneously in the slit. The wavelength calibration was secured by means of frequent exposures of a He-Ar hollow-cathode lamp. The flux calibration and the spectrograph response were obtained by daily exposures of the star Feige-34. The typical seeing conditions at Loiano ranged from 1.5 to 2.5 arcsec. The reduction of the spectra was based on the IRAF STSDAS 2 reduction packages. The wavelength calibration was performed 2 IRAF is the Image Analysis and Reduction Facility made available to the astronomical community by the National Optical Astronomy Observatories, which are operated by AURA, Inc., under contract with the U.S. National Science Foundation. STSDAS is distributed by the Space Telescope Science Institute, which is operated by the Association Fig. 2 . The completeness of the "COMA sample", consisting of galaxies taken from SDSS, targets taken from CGCG, NED, and ALFALFA, and objects with spectra taken at Loiano (blue), is 98% (only 112 galaxies remaining without nuclear spectra). Galaxies selected from the SDSS alone (red), e.g. used by Mahajan et al. (2010) are incomplete by ∼ 20% in the highest luminosity bins, where most AGNs are expected. Table 1 . Log of the observations at Loiano. Two new-moon periods of four nights each were allocated to the present project per year. We list information for the useful nights. The total number of spectra (305) includes 22 of objects that were repeatedly observed during several runs. In these cases, Table 2 -10 2011 7,8,9,10 6,7,8 133 on the lamp exposures using identi f y−reidenti f y− f itcoo and transferred to the scientific exposures using trans f orm. After checking the wavelength calibration using the principal sky lines, these were removed using background. One-dimensional (1d) spectra of the nuclei were extracted from the twodimensional (2d) images using apsum in apertures of 5.8 arcsec. After flux calibration, the 1d spectra were normalized to the intensity of the continuum under Hα, transformed to rest-frame velocity, and measured with splot to obtain the EW of the Hα and λ 6584 [NII] lines.
of Universities for Research in Astronomy (AURA), Inc., under NASA contract NAS 5-26555.
Spectral classification
The classification of the nuclear activity based on optical spectra was performed according to identical rules for sample i) LOI and ii) COMA (except for Seyfert galaxies; see below in this section). The classification rule is based on the WHAN diagram introduced by Cid Fernandes et al. (2010 , which is based on the strength of the Hα line corrected for underlying stellar absorption (Ho et al. 1997 ) and the ratio of [NII] to Hα corr (EW) to discriminate between different levels of nuclear activity. As for the underlying absorption at Hα, Decarli et al. (2007) adopted an average correction of 1.7 Å. Owing to the limitations of the SDSS spectral database, this quantity is here determined again to greater accuracy using 881 SDSS spectra of passive galaxies in the Coma Supercluster (see Table 3 ). The mean underlying stellar absorption at Hα present in all passive galaxy spectra amounts to 1.3 Å, irrespective of luminosity, below or above Log(L i /L ⊙ ) = 10) 3 . Thus we adopt 1.3 Å for the underlying continuum absorption at Hα, i.e. Hα corr = Hα − 1.3 Å. Fig. 3 shows the WHAN diagram with the adopted spectral classification thresholds. The vertical line shows the separation between HII region-like nuclei and AGNs. This threshold is set at log(EW[NII]/EWHα corr ) = −0.30 in agreement with Capetti & Baldi (2011) , as a compromise between the value of -0.22 adopted by Baldwin et al. (1981) and Decarli et al. (2007) , and the value of -0.40 adopted by Cid Fernandes et al. (2010 Fernandes et al. ( , 2011 4 . In Fig. 3 , several EWHα corr thresholds are indicated. These are used to discriminate between the various levels of nuclear activity, as recommended by Cid Fernandes et al. (2010 with one difference: the separation between both HII regions and weak AGNs (LIN) from "fake ones" (RET) is set to |EWHα corr | = 1.5 Å instead of 3 Å 5 . Summarizing, we define six independent classes of nuclear activity:
-"HII region-like" nuclei are characterized by intense starformation activity: their spectra display both Hα and [NII] in emission, with |EWHα corr | > 1.5 Å and the ratio log(EW[NII]/EWHα corr ) < −0.3;
3 For star-forming galaxies, the direct determination of absorption is hampered by the presence of Hα and [NII] in emission. However, for bright spirals (Log(L i /L ⊙ ) > 10, often dominated by bulges) the presence of underlying absorption at Hα is sometimes detected (although difficult to quantify) in the SDSS spectra. In contrast, for faint late-types (Log(L i /L ⊙ ) ≤ 10) the absorption component at Hα is generally not detected, being overtaken by the emission component, which amounts on average to 30 Å (and exceeds 5 Å for 93% of them), making the 1.3 Å correction negligible. 4 With this choice, two galaxies (NGC3773 and CGCG136-042) classified as HII regions in NED are inconsistently classified as LINER by ourselves because they have −0.3 < log(EW[NII]/EWHα corr ) < −0.22, but another two (NGC2537 and CGCG71068), classified as HII regions by both NED and us, would have been inconsistently classified as LINERS by Cid Fernandes et al. (2010 . (2006), containing the radio galaxy 3C-264, Gavazzi et al. (1981) , with optical jet Crane et al.1993) , which would otherwise have been classified as RET by Cid Fernandes et al. (2010 , are consistently classed among LIN. Even after weakening the criterion for LIN to |EWHα corr | > 1.5 Å, some inconsistencies remain between our classification and NED: NGC2685 The classification of Seyfert galaxies follows different rules for the "LOI sample" and SDSS spectra. For SDSS spectra, we use EW[OIII]/EWHβ > 3 to identify Seyfert (SEY) among sAGN.
In the "LOI sample", the absence of blue-channel spectra prevents us from using the BPT diagnostic diagram, hence Seyfert1 galaxies (SY1, represented with pink triangles in Fig. 3 ) are classified by visual inspection of individual spectra for the presence of broad permitted lines. Tables 2 and 3 summarize the classification of spectra, respectively, in the "LOI" and "COMA" samples.
Template spectra of the six spectral classes, obtained by stacking N spectra taken at Loiano, are given in Fig. 4 (LOI top panel). The 4785 FITS spectra available from SDSS were downloaded, shifted to their rest-frame using IRAFdopcor, and normalized to the flux intensity near Hα. The rms of their continuum were measured between 6230 Å and 6490 Å (avoiding bright galaxy spectral lines and sky residuals), providing an estimate of the signal-to-noise ratio (hereafter S/N). Spectra with S/N>10 were stacked in each spectral class and are shown in 4 (COMA bottom panel) . The parameters of the 283 individual spectra for the "LOI sample" are listed in Table 4 as follows: Column 1: Galaxy name; Column 2 and 3: J2000 celestial coordinates; Column 4: redshift from NED; Column 5 and 6: measured EW of Hα and λ 6584 [NII] lines from the present work (negative values represent emission); Column 7: the nuclear activity classification in six bins; Column 8: other spectra available from either SDSS or NED (SDSS-corr means that the SDSS spectrum is partly corrupted); Column 9: independent classification of the nuclear activity from NED. As anticipated in Sect. 2, the 283 "LOI sample" galaxies do not form a complete sample in any sense. Among them, 41 belong to the Virgo cluster, which are not considered further here. Not all of the 177 galaxies belonging to the Coma Supercluster have new spectroscopic measurements: several have also a nuclear spectrum (acquired using three arcsec fibers) from the DR7 of SDSS and many others have nuclear spectra available from NED. Nevertheless, there are 130 Coma galaxies in the "LOI sample" (see Table 4 ) that do not have a spectrum in SDSS, hence these data contribute toward the completion of the "COMA sample" (see Section 5). For 15 Coma galaxies taken at Loiano before the DR7 of SDSS was issued, Fig. 5 displays the two independent measurements of the equivalent width of Hα and λ 6584 [NII], which do not appear to be affected by systematic errors 6 . (blue triangles) for 15 galaxies in the Coma Supercluster that were measured both at Loiano and by SDSS. The correlation coefficients are given. The dashed line gives the 1:1 relation. Empty symbols refer to galaxies with luminosity Log(L i /L ⊙ ) > 10.5.
AGNs in the Coma Supercluster
The data obtained in the previous section are used to help perform a census of AGNs in the Coma Supercluster region. Following an identical procedure to Gavazzi et al. (2010) , the local number density ρ around each galaxy was computed within a cylinder of 1 h −1 Mpc radius and 1000 km s −1 half-length. We divide the sample into four overdensity bins, chosen in order to highlight physically different environments of increasing level of aggregation: the Ultra-Low density bin (UL: δ 1,1000 ≤ 0) describing the underlying cosmic web; the Low density bin (L: 0 < δ 1,1000 ≤ 4) comprising the filaments in the Great Wall and the loose groups; the High density bin (H: 4 < δ 1,1000 ≤ 20) including the cluster outskirts and the significant groups; and the Ultra-High density bin (UH: δ 1,1000 > 20) corresponding to the cores of rich clusters. Fig. 1 shows the celestial distribution and the wedge diagram for the 5027 galaxies in the "COMA sample", coded according to the four density bins. Fig. 6 (top panel) gives the g − i color vs. i-band luminosity diagram for the studied galaxies, highlighting the distribution of galaxies without an SDSS spectrum and that the spectra taken at Loiano (filled dots) were obtained deliberately for bright objects with Log(L i /L ⊙ ) > 10, where the missing spectra from SDSS are more abundant and AGNs are more frequently found (Decarli et al. 2007 ). Out of the 112 galaxies remaining with no spectra (empty circles), only 30 are brighter than 6 The extraction of the Loiano spectra was carried out in apertures whose area (11.6 arcsec 2 ) is almost twice as large as that of the SDSS fibers (7.1 arcsec 2 ). This was done on purpose to compensate for the Loiano spectra being taken for the brightest galaxies, which are a factor of two, on average, larger than those taken by SDSS. Fig. 5 shows no systematic effects for bright and faint objects. Fig. 6 . The color (g-i) vs i-luminosity diagram of galaxies studied in this work. Top panel: small black dots represent the 4900 galaxies from SDSS; large filled symbols mark the 130 galaxies for which a nuclear spectrum was taken at Loiano, and large open symbols mark the 112 galaxies yet without spectra. Middle panel: HII regions (turquoise), SEY (blue), and sAGN (green) form the blue sequence. Bottom panel: LIN (red), RET (orange), and PAS (black) form the red sequence.
Log(L i /L ⊙ ) = 10. Among them, we expect to miss approximately 10 AGNs, given the luminosity distribution of AGNs discussed below. Before discussing the various color diagrams, we emphasize that the contribution of AGNs to the total i luminosity is negligible, as the light measured in nuclear apertures of three arcsec diameter for the most luminous of all AGNs, i.e. the Seyferts, represents between 5% and 15% of the total light. Fig. 6 (middle panel) shows the position of HII, SEY, and sAGN in the color-magnitude diagram, clearly showing that AGNs of high activity belong to the high luminosity tail of the sequence composed of star-forming galaxies (their slope is 0.34, and the dispersion is 0.20). Fig. 6 (bottom panel) illustrates the position of PAS, RET, and LIN, showing that AGNs of low activity, including fake-AGNs, belong to the high luminosity part of the "red sequence" (their slope is 0.17, and the dispersion is 0.10). LIN follow a relation with a slightly higher slope (0.20) and dispersion (0.14) than RET and PAS alone (slope = 0.16, and dispersion = 0.09), suggesting that they might belong to a transition class between early-and late-type galaxies. From Fig.  6 (middle and bottom panels), we can see that many luminous objects, mostly AGNs, have redder colors than red-sequence galaxies of similar luminosity and in particular of PAS. These galaxies are strongly affected by extinction from dust lanes. We have measured the average g − i for the whole galaxy in the three classes of AGNs of decreasing activity (SEY, sAGN, LIN) and among RET. The resulting mean color for the four classes is < g − i >≃ 1.15 ± 0.15 mag, consistent with the average color of galaxies in the red sequence and of PAS galaxies. This value is not found to depend on the local galaxy density. The only class with < g − i >≃ 0.72, which is significantly bluer than all other classes, is the one of HII-like nuclei. Since g − i color can be assumed as a proxy of the star formation in galaxies, this result seems to support the evolutionary scenario where the feedback from AGNs produces a significant quenching of the star formation in their host galaxies (e.g. Schawinski et al. 2009 ). However, our finding neither proves nor disproves this hypothesis because the same mean color might be found for PAS galaxies, which do not necessarly originate from a previous AGN phase, but simply from the fading of a nuclear starburst phase. Fig. 8 . The luminosity distribution of AGNs with (red) and without (solid black) RET and of all galaxies (dotted). The inset shows the ratio of AGNs to all galaxies with (red) and without (solid black) RET.
The morphology distribution of AGNs, including RET, is given separately in Fig. 7 (top panel) . It appears that sAGN and SEY are mostly (40%) associated with giant spiral galaxies (Sa-Sb) (and another 29% to S0a). LIN and RET are 78% associated with early-type galaxies (E-S0a). Among non-AGNs (Fig. 7 bottom panel) , PAS are 94% associated with E-S0, while HII regions are 87% associated with late-type galaxies (Sa-BCD). The differential luminosity distribution of all AGNs (SEY+sAGN+LIN) (with and without RET) is given in Fig. 8 . For all galaxies, the luminosity distribution follows a Schechter function (whose parameters can be found in Gavazzi et al. (2010) . For the AGNs, the distribution is instead "Gaussian", with a peak near Log(L i /L ⊙ ) = 10.2. Below this luminosity (Log(L i /L ⊙ ) ≤ 10.2), the fraction of Active Nuclei is 11% with RET and 6% without. For Log(L i /L ⊙ ) > 10.2, it becomes 60% with and 32% without RET. RET alone represent a similar fraction of all bona-fide AGNs at any luminosity.
When the frequency of galaxies in the various spectral classification bins (normalized to the total number of surveyed galaxies) is plotted in bins of local galaxy density, it appears (see Fig.  9 ) that: -among AGNs, the percentage of SEY-sAGN-LIN does not change significantly from UL to H density but decreases by a factor of two in the densest UH environment (notice that LIN are as frequent in the lowest and highest density bins); -among non-AGNs, the fraction of HII-like nuclei decreases gradually with increasing density, overall by a factor of four. RET and PAS increase by a factor of two and four respectively. A similar result was obtained by Miller et al. (2003) .
The second result need not imply that the local environment has a direct influence on the nuclear activity of galaxies, but partly reflects the influence of the environment on the "extended galaxy" that harbors some nuclear activity, also called "morphology segregation" (Dressler, 1980) . To distinguish the two effects, it is recommended that we normalize the number of objects in the various classes of nuclear activity not to the total number of surveyed galaxies (irrespective of the morphological type) but the number of galaxies of certain type classes, as in Fig. 10 . Guided by the distribution of AGNs with respect to the Hubble classification (Fig. 7) , it is apparent that (among AGNs) SEY and sAGN are more frequent in S0a-Sb, while LIN are frequent in ESbs. Among non-AGNs, HII are frequent in all late-type galaxies (including S0a and BCD), RET are found among early-type galaxies (i.e. dE,dS0,E,S0+S0a) and PAS in dE,dS0,E,S0. Fig.  10 allows us to study the nuclear activity of galaxies irrespective of "morphology segregation". In other words, Fig. 9 includes the effects of the environment on the galaxy as a whole (morphology) and on the nuclear region, while Fig. 10 emphasizes the effects of the environment on the nuclear region alone. In conclusion (see Fig. 10 ):
-The fraction of AGNs associated with both late-and earlytype giant galaxies is lower at most by a factor of two in the densest galaxy environment. -The fraction of star-forming (HII) galaxies is lower by a factor of at most two in the densest galaxy environment. -The fraction of ex-star-forming (RET) galaxies decreases gradually by a factor of two with increasing density from the lowest to the highest density bin. -The fraction of passive (PAS) galaxies increases gradually by a factor of two with increasing density from the lowest to the highest density bin. -All signs of nuclear activity, either associated with a central black hole or with star formation, are significantly lower in the cores of the rich clusters than lower density environments.
Discussion and conclusion
A dependence of AGN activity on local galaxy density similar to the one found in this work was proposed by Mahajan et al. (2010) , who analyzed almost exactly the same sky volume. This apparent agreement is however the consequence of a manifold blunder in their analysis. First of all, the galaxy sample in the Coma Supercluster used by them suffers from 20% incompleteness at high luminosity (see Section 2) owing to the incompleteness of the SDSS spectral database, which is entirely disregarded in the Mahajan et al. (2010) analysis. Secondly the Hα spectral line measurements from the SDSS database have not been corrected for underlying stellar absorption. Thirdly the fraction of AGNs is computed by Mahajan et al. (2010) by normalizing to the total number of galaxies, irrespective of their morphology, Owing to the first omission and the adoption of the BPT diagnostic, Mahajan et al. (2010) failed to classify as AGNs an enormous number of objects with [NII] in emission and Hα in weak absorption, particularly ones present in the core of rich clusters, that would increase the frequency of AGNs in the densest environments. At the same time, they overestimated the number of AGNs among galaxies with [NII] and Hα in emission (that become HII like nuclei when corrected). These are predominantly found in the field. If Mahajan et al. (2010) had adopted the correct procedure in producing their BPT diagram, they would have concluded that the fraction of AGNs would increase, not decrease, with galaxy density. The reason why AGNs are missing in clusters is that most galaxies that are bona-fide AGNs according to the BPT diagnostic diagram become fake-AGNs (RET) according to the WHAN diagnostic diagram, making the whole issue of the influence of the environment on the formation of AGNs very slippery. Using the AGN classification scheme of Kauffmann et al. (2003) based on their revised BPT diagram, Kauffmann et al. (2004) analyzed the properties of powerful AGNs among ∼ 122000 galaxies with 14.5 < r < 17.77 and median redshift z ∼ 0.1, from the SDSS DR1. The subtraction of the underlying stellar continuum was performed by fitting the emission-line-free regions of the spectrum with a model galaxy spectrum. They concluded that powerful AGNs occur predominantly in massive galaxies with > 10 10 M ⊙ , another manifestation of "downsizing" (Cowie et al. 1996 , Gavazzi et al. 1996 , Fontanot et al. 2009 ). Powerful AGNs are found among late-type, blue, star-forming galaxies. The decrease in their frequency with increasing galaxy density is mostly due to the decrease in the frequency of galaxies that are able to host AGNs (morphology segregation), but -to a lesser extent -is due to a genuine extra decrease in AGN frequency in high density environments. Von der Linden et al. (2010) argued that galaxies in dense environments are less likely to host a powerful optical AGN or a star-forming nuclear region. The frequency of optical AGNs in early-type galaxies declines in high density environments (by approximately a factor of two between the field and the center of clusters). They interpreted this finding by arguing that AGNs are fueled by mass loss from evolved stars. The mean age of the red galaxies increases towards the cluster center and provides less fuel for the central black hole. Our analysis, which adopts the criteria of Cid Fernandes et al. (2010 Fernandes et al. ( , 2011 for the classification of nuclei, is in full agreement with both Kauffmann et al. (2004) and Von der Linden et al. (2010) . We conclude that, even after eliminating the effects of morphology segregation (by counting the frequency of nuclear activity in the proper bins of Hubble type), there is Fig. 10 . The frequency distribution of the ratio of SEY+sAGN to giant spirals (SOa-Sb); of LIN to giant galaxies (E-Sb); of RET to early-type galaxies (dE-S0a); of HII to SOa+late-type galaxies; and of PAS to early-type (dE-S0) galaxies in four bins of local galaxy density. a residual decline in the frequency of nuclear activity (either triggered by black holes or sustained by the star formation) with increasing galaxy density (see Fig. 10 ). At any luminosity, this decline is quantified in a factor of ∼ 2 per interval of density contrast of approximately 20, going from the less dense filaments that form the local cosmic web to the densest cores of rich clusters. Whichever mechanism is responsible for the suppression of over star formation in galaxies, and the migration of galaxy morphologies toward earlier Hubble types in rich and dense environments (see Boselli & Gavazzi 2006 , Blanton & Moustakas 2009 , Fumagalli & Gavazzi 2008 , it has far more severe consequences for their nuclear regions. We are not yet in the position to distinguish these two effects. However, we are in the process of obtaining a complete set of Hα imaging follow-up observations of the Coma Supercluster that is appropriate for distinguishing the nuclear from the extended star-formation in galaxies in this representative part of the local Universe. 
